Thirteen affected Japanese male patients and 13 female carriers with X linked ocular albinism from seven families were examined to assess their clinical findings and to compare them with those of white and black patients. Affected Japanese patients had poor visual acuity, horizontal nystagmus, macular hypoplasia, and loss of stereopsis. Some affected patients had exotropia. Most affected patients had non-albinotic fundus with moderate pigmentation. The amount of pigment in the fundus varied among affected patients and appeared to be between that of the white and black patients. All affected patients had brown irides that show no translucency. Interestingly, two affected patients had megalocornea and a third affected patient had posterior embryotoxon. All female carriers exhibited good visual acuity, normal eye position, stereopsis, brown irides without translucency, and the typical mosaic pattern in the fundus. The pigmented iris and fundus made the correct diagnosis of these affected patients difficult. Nine affected patients (70°/0) had been diagnosed initially as having congenital nystagmus, with or without macular hypoplasia, until they were reviewed for this study.
characterised by nystagmus, decreased visual acuity, strabismus, fundus hypopigmentation with macular hypoplasia, and iris hypopigmentation with translucency. Posterior embryotoxon, Axenfeld anomaly,2 3 megalocornea,4 and optic disc hypoplasia5 also have been reported in a few affected patients. The fundus of the female carrier6 shows a mosaic pattern of pigmentation and depigmentation, which helps to make the diagnosis of XLOA. Skin and hair are clinically normal. However, histological examination7-9 of the skin from both affected patients and female carriers has disclosed abnormal macromelanosomes, suggesting that the disorder is systemic and not confined to the eye. Recent studies of a large number of white families with XLOA have confirmed these clinical and histological findings. 10 Fundus and iris pigmentation in black patients with XLOA11 reportedly differed from that of white patients. Affected black patients had brown irides without transillumination, and their fundi showed moderate pigmentation, making the correct diagnosis of XLOA difficult. It has been reported that some affected Japanese patients with XLOA3 4 12 13 have brown irides and non-albinotic fundi, showing a degree of pigmentation between that of the white and black patients. To date, no studies have reported on large numbers of Japanese families with XLOA. In this study, we examined 13 affected patients and 13 female carriers from seven families to assess the phenotypic variation in Japanese patients and to show how it differs from that of white and black patients with XLOA. Intrafamilial variations in the amount of pigment also could be found: however, pigmentation appeared to be between that of affected white and black patients. Previous reports15 16 have correlated the severity of albinotic characteristics with the degree of visual pigment. We also examined a patient who had ocular albinism with unilateral~~~~-r . 9 . ' sectorial pigmentation that reached the macula and good visual acuity. 17 These findings suggested that the amount of pigment may be an important factor in retaining good visual acuity. Other factors, such as macular hypoplasia and nystagmus, also appeared to result in poor visual acuity because some affected patients (such as our case 7) had appropriate pigmentation in the fundus and poor visual acuity.
In our study, many affected patients with XLOA had high refractive errors, including astigmatism, as previously reported.10 Therefore, some degree of amblyopia resulting from uncorrected refractive errors in early infancy may be related to low visual acuity in XLOA. The early correction of refractive errors should be recommended to obtain better visual acuity, although it is not clear whether a failure of emmetropisation relates to low visual acuity in affected patients with XLOA. The lack of stereopsis and high incidence of strabismus seen in affected white patients'0 were also confirmed in our affected Japanese patients. This relation probably results from the misrouting of the optic nerve. In albino patients, most optic nerve fibres anatomically decussate at the optic chiasma and project to the contralateral hemisphere. This finding was also demonstrated by using visual evoked potentials'8 and positron emission tomography. '9 Interestingly, all our affected patients had brown or light brown irides without transillumination. None revealed blue or grey irides, as seen in affected white patients. The pigmentation of the iris and fundus made the correct diagnosis in the affected Japanese patients difficult. Only 30% of the affected patients were correctly diagnosed as having XLOA. The other 700/0 of the affected patients had been misdiagnosed as having congenital nystagmus, with or without macular hypoplasia. Therefore, XLOA should be considered in all male infants with nystagmus. The most predictable clinical signs of XLOA in affected Japanese patients were nystagmus and macular hypoplasia, which are seen in all affected patients.
Examination of the affected patients' mothers helps make the correct diagnosis, especially in a small family, because all female carriers have shown pigmentary mosaicism of the retinal pigment epithelium in their fundi. Fluorescein angiography was useful in the detecting of pigment mosaicism in the carriers' fundi when the mosaic was faint. We performed skin biopsy in only one affected patient who showed macromelanosome. Skin biopsy was previously performed in two Japanese patients,3 13 both of whom showed macromelanosomes. Skin biopsy could, therefore, be helpful in making the correct diagnosis in Japanese patients as well as in white7 10 and black patients. " I Figure 9 Rluorescein angiogram of a female carrier shows clearly the mosaic pattern in the fundus.
Posterior embryotoxon was found in one affected patient and megalocomea was seen in two affected patients in our study. Posterior embryotoxon which occurs from mild dysgenesis of the anterior segment is commonly found in affected white patients with XLOA.10 Megalocornea is often inherited as X linked recessive disease. 20 The recent molecular biological approach has revealed that the locus of megalocornea is on Xql 2-q26 -that is, a different locus from that of XLOA.21 22YLOA is thought to be linked to Xp22.3. In addition, megalocornea was not definitely cosegregated with XLOA, suggesting that megalocornea may also result from mild dysgenesis of the anterior segment as with posterior embryotoxon.
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